ABSTRACT-Clathrin coated vesicles (CV) from bovine brain express the various alpha subunits of guanine nucleotide regulatory proteins (G-proteins): G0, G; 1, 2, 3 and Gy. Western blot analysis using two different antisera revealed the presence of the 39-kDa Go, alpha subunit in CV. Antisera RM/1, in turn, demonstrated the expres sion of the short (45 kDa) and long (52 kDa) form variants of the GS alpha sub unit. The analysis demonstrates that the heterogeneity of alpha subunits of G-proteins in bovine brain tissue is also reflected in the CV transport organelles.
Studies on the cellular distribution of the guanine nucleotide regulatory protein (G-pro tein) alpha subunits by immunoblotting of sub cellular fractions or immunocytochemistry has indicated a more varied location of G-proteins than might be anticipated from their known functions (1) . The presence of G-proteins in bovine brain clathrin coated vesicles (CV) pro vides us with the unique opportunity to study the microheterogeneity of G-protein alpha subunits in a well-characterized subcellular organelle of proven physiological relevance (2) . Previous functional and biochemical studies [3-6; K. Moroi, T. Kuga, and K. Kadota (1990), personal communication] dem onstrated the presence of GS alpha and G; alpha in bovine brain CV. The potential pres ence of G,, and the various subtypes of G; alpha subunits in bovine brain CV has not been demonstrated. Using antibodies of de signed specificity for the alpha subunits of guanine nucleotide regulatory proteins, we have further defined their microheterogeneity in bovine brain clathrin coated vesicles. The findings reveal that bovine brain CV express all the alpha subunits of this tissue, demon strating a role for CV in their subcellular transport in neurons.
Coated vesicle preparation: CVs from bovine brain were prepared as previously described (7) . The resulting pellet enriched in CV was chromatographed twice over a Sephacryl S 1000 gel filtration column. Previous electron microscopic analysis of the first peak eluting from the Sephacryl S-1000 column (peak I), after a second run, has shown it to contain very few CV and remnants of vesicular ma terial from potentially diverse subcellular ori gins, such as synaptolemma, Golgi region and synaptic vesicles. The second peak (peak II) is highly enriched in CV (> 90%), and this is essentially devoid of smooth vesicular ma terial.
Membrane samples preparation: Peak I membranes (used as control group) and the clathrin coated vesicles were pooled and treat ed with decoating solution to remove the clathrin coat form the coated vesicles (7). Af ter 1 hour of standing at room temperature in decoating solution, peak I and decoated mem branes were centrifuged at 100,000 X g for 1 hour in a Beckman ultracentrifuge equipped with a Ti35 rotor. The corresponding pellets were solubilized in a cholate-based buffer and pretreated with N-ethylmaleimide for elec trophoresis as described by Sternweis and Robinshaw (8) .
SDS-PAGE and immunoblots: Membrane samples (4-10 ,ug) and pre-stained molecular weight standards were loaded and elec trophoresis carried out for 12 24 hr. Elec trophoresis was done using a Protean IIi (20 cm length) apparatus (Bio-Rad, Richmond, CA) to enhance resolution of the G alpha sub units. Proteins were transferred to nitrocellu lose (NC) membranes (0.45 Sum) overnight. Immediately after the transfer step, NC mem branes were processed with the Immuno Blot'" alkaline phosphatase kit as described by the manufacturer (Bio-Rad, Richmond, VA), unless otherwise indicated. The im munoblots used as primary antibodies the panel of antibodies from New England Nu clear (Boston, MA), which has been previous ly characterized in bovine brain (1, (9) (10) (11) (12) . The antibodies used were rabbit polyclonal antisera GC/2 (anti-G,, alpha), RM/1 (anti-GS alpha), AS/7 (anti-Gil and 2 alpha) and EC/2 (anti-G;3 alpha and anti-G,, alpha) at a 1: 1000 dilution made up in TBST. Immediately after signal detection, the NC membranes were throughly washed in distilled water and dried overnight. Immunoblots of the GS and Go alpha sub units: In order to characterize the GS alpha subunits of bovine brain CV, we used anti body RM/1 made against a carboxyl-terminal decapeptide of the GS alpha subunit (12) . In corroboration of a parallel study by K. Moroi et al. (1990) (personal communication), two bands of molecular masses of approximately 45 and 52 kDa were obtained in immunoblots (Fig. 1, panel a) . This pattern of reactivity is typical for antibody RM/1 in bovine brain membranes (12, and lane 2 with control peak I membranes). The most abundant alpha sub unit of bovine brain is the G,, subspecies (9) . To determine its presence, the Go alpha-speci fic antibody GC/2 was used, which is directed against the N-terminal region of this subunit. Immunoblots of CV membranes reveal the presence of a single prominent band with a molecular mass in the 39-kDa region (Fig. 1,  panel b) corresponding to the Go alpha sub unit.
Immunodetection of the G, alpha subunits: In addition to the highly abundant Go alpha subunit, studies of bovine brain have revealed heterogeneity of substrates for pertussis toxin corresponding to Gi 1, Gi2 and Gi3 alpha sub units (1, 10, 13, 14) . Although functional and biochemical assays have demonstrated the pres ence of G, alpha subunits in bovine brain CV, their specific pattern of expression in CV re mained to be established. Antibodies AS/7 and EC/2 provide an excellent tool to im munodissect the distinct Gil, Gi2 and Gi3 alpha subunits (1, 9, 10). As Fig. 2 (panel a) shows, blots with antibody AS/7 resulted in a doublet of 41 kDa and 40 kDa, corresponding to Gil and Gi2, respectively. In Fig. 2 (panel  b) , the blot with antibody EC/2 also displayed a doublet with molecular masses of 39 kDa and 41 kDa, confirming the presence of the Go and Gi3 alpha subunits, respectively. Yet, the 41-kDa band in the blot with EC/2 can correspond to Gil, since this antibody can react with the 41-kDa Gil alpha subunit of bovine brain (W.I. Silva, unpublished results). The findings presented here corroborate the presence of GS and G; proteins in CV. In addition, they yield the first direct demonstra tion of the Go and Gi 1, 2, 3 alpha subunits in CV. Since 10 ,ug versus 30-38,ug of CV membranes are required to obtain bands of similar intensity of Go versus the G;'s (see legends to Figs. 1 and 2) , the 39-kDa Go alpha subunit seems to be the predominant form in bovine brain CV. The apparent ratio of Go to Gi alpha subunits is similar to the one reported in bovine brain (3-5: 1) (9). Thus, the primary pertussis toxin substrate of neuronal CV is very likely the GO) alpha sub unit. The presence of the guanine nucleotide regulatory Go, Gi2, Gil, and Gi3 alpha sub units in CV provides additional evidence to support the idea that receptors and their trans duction proteins are transported in this sub cellular organelle. The presence in this ubi quitous subcellular transport organelle of G proteins of still unknown physiological func tion may be indicative of a specific role in neuronal subcellular transport events (3).
Note added in proof
In a recent study by K. Moroi, T. Kuga, and K. Kadota (see this Journal, 55, 399-402, 1991), the au thors have independently demonstrated the presence of Gi and GS alpha subunits in bovine brain clathrin CV via pertusis-toxin labeling assays and immunoblots with a G, alpha-specific antibody. The 3H-GTP-binding capacity of CV was also determind in their study.
